INTRODUCTION
Ultramafic rocks are igneous and meta-igneous rocks with very low silica (<45%) and K 2 O (<1%) contents, generally greater than 18% MgO, high FeO (>9 %) and are composed of usually > 90 % mafic minerals (dark coloured minerals with high magnesium and iron contents). Ultramafic rocks are often found in large intrusions where differentiated rock types commonly occur in layers (Ballhaus and Ryan, 1995 , Maier et al., 2015 Randive et al., 2015) . Examples of these rocks include pyroxenite, peridotite, hornblendite, anorthosite, dunite, gabbro and norite. A strong argument for a genetic relationship between magmas and mineral deposits is the observed consistent association that can be rationalized on the basis of magma crystallization (Maier et al., 2008 , Power et al., 2004 Barnes et al., 2006; Hutchinson and McDonald, 2008 and Campos-Alvarez et al., 2012) . Deposits of iron, copper, nickel, chromium, titanium and platinum-group elements (PGEs) are restricted to mafic and ultramafic rocks which also show markedly higher concentrations of these elements compared to more siliceous varieties. In addition, deposits of some of these metals characteristically occur in particular kinds of mafic and ultramafic rocks; e.g. chromium in dunite and peridotite, nickel in peridotite and norite and titanium in gabbro and anorthosite Paul, 2004, Maier et al., 2015) . Because of the small quantity of dissolved water, crystallization of mafic and ultramafic magmas seldom leads to the generation of large amounts of ore-forming fluids, except
Figure1. Geological map of the pre-drift Gondwana showing the Congo craton in Cameroon and the northern part of São Francisco craton of Brazil (modified after Ebah Abeng et al., 2012).
This large belt resulted from the collision between the Congo and São Francisco cratons. Most of the WCAB is characterized by tectonic reworking of Archean crust with little addition of juvenile material, particularly in the southern part of the belt (Thomas et al., 2002; Toteu et al., 1994a) . However, this dominant recycling character is diminished northward with the appearance of ~ 2.1 Ga juvenile metasedimentary and meta-plutonic rocks intensively reworked and dismembered in the Pan-African belt north of the Congo craton (Pénaye et al., 2004) . The Nyong Series (coined as Nyong Group, e.g. Lerouge et al., 2006; Owona, 2008; Owona et al., 2011; Owona et al., 2013) in the northwestern corner of the Congo craton in Cameroon is a-well-preserved granulitic unit of the WCAB resting as an Eburnean nappe on the Congo craton Toteu et al., 1994b) . The high-grade metamorphism associated with arrested charnockite formation in this unit is dated at 2050 Ma (Toteu et al., 1994b) ; Lerouge et al., 2006) . However, it is not clear whether or not these Paleoproterozoic tectono-metamorphic events were accompanied by any sedimentation or magmatism. This led to the assertion that the Nyong Series is a reworked part of the Congo craton in Cameroon (Lasserre and Soba, 1976; Faybesse et al., 1986; Owona, 2008 , Owona et al., 2011 Owona et al., 2013) . Within the Cameroon context the series has been called the Nyong Unit by some authors (e.g. Ebah Abeng et al., 2012). The Nyong Unit is bordered by the Ntem Unit in the SE, the PanAfrican gneiss to the north and NE and by the Quaternary sedimentary formations (Kribi Campo basin) at the NW parts (Figure 2 ).
Figure2. Geological map of Cameroon showing the relationship between the Nyong Unit (study area), Ntem Unit, Pan-African gnesises and the Quaternary sedimentary formations (modified after Ebah Abeng et al., 2012).
It is a high grade-gneiss unit, which was initially defined as a Neoproterozoic, or a Palaeoproterozoic reactivated NW corner of the Archaean Congo Craton (Lasserre and Soba, 1976; Feybesse et al., 1986 , Lerouge et al., 2006 . The Nyong Unit is made up of a greenstone belt (pyroxenites, amphibolopyroxenites, peridotites, talcschists, amphibolites and banded iron formations), foliated series (Tonalite -Trondhjemite -Granodiorite (TTG), gneiss), and magmatic rocks (augen metadiorites, granodiorites and synites) ( The Nyong Unit is characterized by a regional flat-lying S1/S2 foliation associated with a variably oriented stretching lineation and local large open folds associated with N-S sinistral strike slip faults (Lerouge et al., 2006) . The metamorphic evolution is polycyclic with Paleaoproterozoic granulitic assemblages overprinted in the western part of the unit by Pan-African high-grade recystallizations (Toteu et al., 1994a) . The unit is a Paleaoproterozoic unit characterized by pre-orogenic sediments (<ca.2500 Ma) and is interpreted as an allochtnous unit thrusted on to the Congo craton during the Eburnean-Transamazonian orogeny (Lerouge et al., 2006) . This nappe tectonic event is the ultimate stage of a complete Paleaoproterozoic orogenic cycle whose major characteristics, including the suture zone, are preserved in NE Brazil (Lerouge et al., 2006) . Lerouge et al., 2006; Ebah Abeng et al., 2012) . Study area indicated not to scale.
Figure3. Geological map showing the late magmatic rocks that intruded the country rocks within the Nyong Series (modified after

MATERIALS AND METHODS
The field study consisted of systematic mapping and sampling of lithological units of the selected area within the Nyong Series where ultramafic rocks where found. A total of twenty seven ultramafic rock samples were collected during the field work and were later used for the various analyses. Preparation of the polished thin sections was done at the University of Ghent, Belgium and studied in the laboratory of the Department of Geology, University of Buea, Cameroon. Details of these are contained in Ako et al., 2015. Twenty seven metamorphosed ultramafic rock samples were crushed using a jaw crusher with steel plates. The crushed samples were pulverized in a ball mill made up of 99.8% Al 2 O 3 at the ACME Analytical Laboratory, Vancouver, Canada. A two-step loss on ignition (LOI) was done in which powders were first heated at 105
• C in the presence of nitrogen to drive off adsorbed water and then ignited at 1000
• C in the presence of oxygen to drive off the remaining volatile components.
Major and some minor element concentrations were determined by X-ray fluorescence (XRF). About 0.2 g of powdered samples were first ignited and then melted with lithium tetraborate flux and digested with nitric acid before analysis using a wavelength-dispersive X-ray fluorescence spectrometer (Acme lab method code 4A). In addition, a separate 0.5 g split/sub-sample was digested in aqua regia and analysed by inductively coupled plasma mass spectrometry (ICP-MS) to report the precious and base metals (method codes 4B and 1DX). In this method, the split samples were treated in a mixture of HCl and HClO 4 at 120 o C in sealed beakers for one week, after which they were rinsed out of the containers with dilute HNO 3 and dried. The resulting residues were redissolved in HCl and HClO mixture and evaporated to dryness again and finally redissolved in a mixture of HNO 3 , HCl and HF at 100 o C. The sample solutions produced were then analysed. The detection limits for the major oxides is 0.01 except MgO and Cr 2 O 3 which had detection limits of 0.04 and 0.002 wt % respectively while the trace elements had detection limits ranging from 0.01 -8 ppm.
Gold (Au), platinum (Pt) and palladium (Pd) were analysed by Ni sulphide fire assay method (code 3B-MS). A 25 g aliquot of each sample was fused at 1000 o C with a suitable amount of flux for the sample matrix with nickel oxide and sulphur added as a carrier. The resulting nickel sulphide button was extracted, ground and partially dissolved in 1MHCl under a high enough f H2S to ensure that the precious metals remain insoluble. The resulting insoluble residues containing the precious metals was dissolved in aqua regia and analysed by ICP-MS. Au, Pt and Pd had detection limits of 2, 3 and 2 ppb respectively.
The remaining PGEs (Ir, Os, Rh and Ru) were determined by nickel-sulphide fire assay followed by Te co-precipitation (code NAA-2). The sample solutions were melted with sodium carbonate and sodium tetraborate in the presence of nickel sulfide melt. After the quenching of each sample, a bead of NiS was broken out of the crucible and digested by concentrated HCl in Telfon vessels using concentrated HCl acid. Tellurium co-precipitation was used to ensure that the insoluble residue to acid digestion retained all Au-PGE. Solutions were filtered in a vacuum after which the precipitate was redissovled in aqua regia and deionized water. The resulting solutions were analysed by instrumental neutron activation analysis (INAA). Details of this method are contained in Savard et al. (2010) . The detection limits for Ir, Os, Rh and Ru was 1, 10, 5 and 50 ppb respectively. All the analyses were done at Acme Analytical Laboratory, Vancouver, Canada. The accuracy of the analytical results was verified through the analysis of matrix-matched reference materials, and any potential contamination during sample preparation and analysis was monitored via suitable black materials. All analytical data presented in this work passed through quality control tests to ascertain the reliability of the results.
RESULTS
Field Characteristics of the Ultramafic Rocks
The study area is made up of two distinct rock units. These units are the metasedimentary unit which is represented by the talc-tremolite schists and these rocks occur as floats of blocks with fine to medium-grained texture a meta-igneous unit which is made up of amphibole-pyroxene gneiss, amphibole-garnet gneiss and biotite-garnet gneiss. These units have been intruded by ultramafic rocks which were sampled for this study. The ultramafic unit investigated is a layered sequence exposed on a cliff face and details of the geology and petrography are contained in Ako et al., 2015 and depicted in Figure 4 .
Figure4. Geological map of the study area showing the various lithologies intruded by the ultramafic rocks (after Ako et al., 2015).
Whole-rock Geochemistry
The major and Ni-Cu-Au-PGE data of the ultramafic rocks of the study area are presented in tables 1and 2. Variable amounts of loss on ignition (LOI) mainly reflect variable degrees of alteration of the rock samples. A plot of the samples on a geotectonic diagram after Pearce et al. (1977) indicates that most of the samples cluster in the oceanic ridge and floor field except one sample that tends to plot on the boundary between oceanic ridge and floor and oceanic Island (Figure 7 ). This can be inferred that the tectonic environment of eruption of the primary rocks is oceanic ridge and floor, and oceanic island arc environment. 
Table1. Major element contents (wt. %) of the ultramafic rocks in the Nyong Series
Evaluation of Platinum Group Elements (PGE) Potentials of Ultramafic Rocks of the Paleoproterozoic Nyong Series, Southeast Cameroon
Figure10. (a) Plot of Pt + Pd+ Au as a function of Cu contents of the samples show a general clustering of twenty-six of the twenty-seven data points with very low Pt + Pd + Au ratios for the Pt + Pd + Au/Cu plot. (b) Plot of Pt + Pd + Au/Cao shows a progressive increase in the values of CaO with a narrow range value of Pt + Pd + Au. (c) Cu/Pd/Pd plot displaying similar clustering of the samples as in (a) above. However, other comparable studies show more scattering of the samples.
The Au/Ir ratios ( Figure 11a ) has a slightly scattered relationship which is similar to the Lolodorf ultramafics but different from the Kabanga Ni sulfide deposit which has a more scattered relationship while Ni/Ir ratios ( Figure 11b ) has a consistent linear relationship. (Figure 12a ). These patterns are similar to those of comparable rocks (Figure 12b ) but the most notable characteristic of the ultramafic rocks in this study is that their PGE contents appear to be markedly lower than those of most other comparable rocks. Similarly, low Pd and Ir values were reported by Keays (1983 Keays ( , 1995 in the study of Barberton komatiites. These ultramafic rock samples are unfractionated because they do not show enrichment in either IPGE (Ir) or PPGE (Pt and Pd) (Figure 13a) unlike the comparable samples which show enrichment in both (Figure 13b) . Ding et al. (2012) have reported that some massive sulfides deposit samples in the Eagle Ni-Cu-PGE deposit, Upper Michigan are unfractionated as they equally do no show enrichment in either IPGE ( Os, Ir, Ru and Rh ) or PPGE ( Pt and Pd ), which are present in other massive samples. Similar to other deposits, the samples in this study have higher normalized Ir values over Ni. Also, the Pd-Au-Cu pattern is similar.
Mondal and Zhou (2010) also reorted that the Ir-group PGE (IPGE: Ir, Os, Ru) of the sulfide-rich breccias assemblages in the Nuasahi massif were contributed from the ultramafic-chromitite breccias. Samples of the gabbro unit have fractionated primitive mantle-normalized patterns, IPGE depletion (Pd/Ir = 24 -1,227) and Ni-depletion due to early removal of olivine and chromite from the primitive boninitic magma that formed the ultramafic unit. 
DISCUSSION
Metamorphic Alteration
The possible effect of alteration on PGEs concentration patterns in the ultramafic rocks of the Nyong Series is very obvious. All the rock samples in the study area have been pervasively altered and thus one could suggest that the relatively large amount of scatter observed for the PGEs, particularly Pt, Pd and Ir as well as Cu and Au (Figure 9a -e) could be due to remobilization of the elements during alteration. The available data on PGE mobility during alteration of rocks have been reviewed by Wood (2002) . The data show that PGE are relatively immobile under most conditions, with Pd showing the greatest mobility. Bandyayera (1997) reported that all PGEs are immobile during lowgrade metamorphism of ultramafic rocks, but Au, Pd, and to a lesser degree, Pt may be remobilized during lateralization. The similarity in PGEs concentration and inter-element ratios found in all the ultramafic rock samples in the Nyong Series suggest that the PGE patterns are of a primary nature.
Although there was local redistribution of the PGEs, it is unlikely that there was widespread redistribution of the PGEs. Most of PGEs (especially Os, Rh and Ru) were not detected in the studied samples (Table 2 ). It is suggested that these PGEs could be present either in the form of submicroscopic inclusions in sulfides and/or bound to spinel and olivine (especially Ru and Rh) as suggested by Mondal, 2011 . The ultramafic rocks of the Nyong Series are relatively altered and typically have 7.5 -12.40 wt. % loss on ignition (LOI) ( Table 1) , indicating varying degree of alteration. Most studies have shown that the PGE are relatively immobile during seafloor hydrothermal alteration (e.g. Crocket, 1990; Crocket, 2002) , although, Barnes et al. (1985) suggested that Au and Pt are easily mobilised during alteration of talc-bearing ultramafic rocks. In the Nyong Series PGEs concentrations of the ultramafic rocks are constant, and show no significant variations between less and most altered samples or with any indicators of alteration such as LOI and therefore do not conform to this assertion.
Sulphur Saturation and PGE Mineralization
Cocker et al. (2014), Barnes et al. (2015) and Hughes et al. (2015) revealed that PGE geochemistry can be used to identify the onset of sulfide saturation in magmatic rocks. They hypothesized that if a fractionating magma system becomes sulfide saturated most of the PGE will be trapped in sulfides in the plutonic chamber and be unavailable to enter a magmatic hydrothermal fluid. On the other hand, if fluid saturation occurs before sulphide saturation most of the PGEs, Cu and Au will be available to partition into the hydrothermal fluid, which could lead to the formation of economic PGE deposits.
Partial melting of the primitive mantle may lead to the formation of either S-saturated or Sundersaturated melts (Chen and Xia, 2008) . When the melts are S-saturated, the immiscible sulfide liquids will separate from the primary melt as the temperature and pressure decrease, and be retained in the residual mantle, resulting in a PGE-poor melt because of the siderophile nature of PGE. When S-undersaturated magma is formed by high degree of partial melting, the PGE remain in the primary melt, leading to PGE, especially PPGE enrichment (Smith et al., 2014) . S-undersaturation would require at least 25 % partial melting of the mantle source (Keays, 1995) .
Lesher and Barnes (2009) and Naldrett et al. (2009) suggest that timing of sulphur saturation condition is very important to the crystallisation of PGMs in ultramafic rocks. Crystallisation of PGM progresses with different types of mineral paragenesis depending upon the prevailing sulphur saturation conditions in time and space (Naldrett, 2010 and Dare et al., 2014) . For instance, if sulphur saturation coincides with magnetite and chromite crystallization, IPGE will concentrate in the chromite and Pyrrhotite minerals. On the other hand, if sulphur saturation does not coincide with chromite crystallisation, then Os, Ir and Ru may be concentrated in chromite matrix and Pt, Pd, and Rh will be absent, and later PPGE minerals may occur in disseminated forms with Ni. If sulphur saturation occurs in the absence of or for prolonged period after chromite crystallsation, PGE will associate with base metal sulphides. However, if sulphur saturation prevailed much before the chromite crystallization, PGE will be crystallised at greater depth and chromite will have very poor values of PGE (Barnes 1990; Maier, 2005 (Dowling and Hill, 1992) where sulphide segregation in the crust is the suspected and preferred model. The PGE depletion is important because this provides a strong indication that rocks that are genetically linked to the Ni sulfide ores record evidence of metal depletion due to sulfide formation. A small amount of crystallization of olivine or sulfides will not lower the Ni content of the magma appreciably, and a viable Ni deposit may form from this magma (Barnes and Lightfoot, 2005) . However, removal of sulfides will sharply deplete the magma in PGE and mildly deplete it in Cu (Figure 9a -e and 4. 20) . Any sulfide liquid that forms subsequently will be depleted in PGE relative to Ni and Cu. Prior removal of sulfides may be one of the main reasons why some Ni sulfide deposits have low PGE contents compared to others. This may be the case of the Nyong Series because the rocks are Ni-rich but PGE-depleted (Table 2 and Figure 9a) . Smith et al. (2014) suggested an alternative mechanism of depleting magma of PGE. They proposed that mixing of residual and primitive magmas can induce S saturation, consequently depleting the magma of its metals. In this model, the sequence still segregates at depths and the resulting ultramafic rocks are PGE-poor. It is therefore suggested that the amount of sulfide melt that formed the Nyong Series rocks was enough to strip the PGE from the magma, which explain why this rocks are PGE-depleted. PGEs are strongly siderophile elements, which provide valuable information on the petrogenesis of mantle-derived igneous rocks (Randive et al., 2015; Gwalani et al., 2015) . Os, Ru and Rh are completely absent in the rocks of the study area and Pt, Pd and Ir do not seem to be present in significant concentrations. Therefore, it is argued here that the Nyong Series rocks are not completely "barren" of PGE minerals.
Removal of a small percentage of sulphide and accumulation of olivine could account for the distribution of Cu and Pd in the ultramafic rocks in the Nyong Series (Figure 9e ) but is unlikely proposition in view of the uniform PGE depletion observed in these rocks (Table 4 . 5)
Economic Potential of Finding PGE in the Rocks/Implication to Exploration
The ultramafic rocks in the Nyong Series have very low PGE contents. Os, Rh and Ru are completely absent in the samples. These low PGE data suggest that the potential of these ultramafic rocks to produce exploitable PGE deposits is very low. However, there is also the possibility that the Nyong Series ultramafic intrusions are feeder intrusions with the implication that further PGE-rich sulphides were transported into wherever these feeder intrusions deposited them, either as lavas or possibly large-scale gabbro intrusions (e.g. Holwell et al., 2012) . On the other hand as stipulated above that the Nyong ultramafic intrusions are feeder intrusions, there may be further PGE deposits at depth and the mineralization in the studied ultramafic rock intrusions may simply represent a small fraction of a much large volume of sulphides. This will be related to having a larger body of magma at depth in which both PGE enrichment and sulphide saturation occurred. Huminicki et al., 2008 and Kozlu et al., 2014, have reported similar situations in which sulphide droplets in intrusion systems such as sills and dykes describe this style of mineralization above areas of PGE mineralization and sulphide saturation.
CONCLUSION
Ultramafics in the Nyong Series are altered and metamorphosed resulting in low PGE concentration and despite their high MgO and Ni contents, low PGE contents suggest that the magma is derived from PGE-poor/depleted mantle. Low Cu-Au-PGE content in the rocks suggests melt produced in an oceanic ridge setting capable of forming major Ni sulphide deposits. Finally, this points to the fact that PGE occurrences could be identified at greater depth. The results of this study are very relevant to further exploration and research work in the area.
It is however, not clear what the chemical composition of the layer beneath the studied samples is as ssuch data may be very useful in judging the PGE potential in the region.
Similarly, it is also recommended that whenever drill cores or fresh samples become available in this area, whole rock geochemical studies of the rocks should be determined in order to further ascertain the PGE potential of the area.
